This study was designed to assess the effects of symmetry and plane of presentation on the determination of the perceptual center of flat figures. Experiment 1 demonstrates the existence of effects in improving center determination, both in the number of sides of the shape and in rotational and reflective symmetry (confounded in the experiment). Experiment 2 shows that the presentation plane has no effect on center determination. In Experiment 3, we divide the effects of the two symmetry types, showing that rotational symmetry alone is as effective as the presence of both symmetry types-that is, the presence of symmetry axes is not very useful in finding perceived centers.
ure's contour is considered instead (giving the same weight to each of its points), computing the barycenter will provide the contour barycenter. Finally, if the whole figure is considered (giving the same weight to each point on the contour and within it), computing the barycenter will give the barycenter of the area (for an example of these four mathematical centers placed within a shape, see Figure 1 ). These four different centers sometimes coincide (e.g., in regular figures). Davi (1989) assessed which mathematical center is nearest to the perceptual one and found the perceptual center to be a deviation from the barycenter of the vertices. This result was obtained using both contour drawings (isosceles triangles) and solid color figures (three shapes, one of which is depicted in Figure 1) .
In another work, Proffitt, Thomas, and O'Brien (1983) found that subjects rely on the information given by the contour. In that study, there were shapes with uniform luminance distribution and shapes with luminance distribution that varied across the shape. Luminance variation, however, causes no change in the placement of the perceptual center, so it can be stated that the perceived center was not that of the luminance distribution, but rather a center whose finding was based on the information given by the shape's contour (and not by the borders of the stripes).
The aforementioned study has to be briefly summarized, because it is the only one that has been concerned with the effect of symmetry on center perception, and because it provides the most powerful suggestion of an effect of symmetry in this perceptual task. Proffitt et al. (1983) used figures with different luminance distribution, stationary or rotating. In four of their five shapes, all the mathematical centers coincided (because they were regular figures) , and in the fifth figure the utilized mathematical A shape (used in an experiment by Beghi et al., 1983 ) and its four mathematical centers.
center was the area barycenter. Luminance manipulation had no effect on perceptual center localization: in every case, it was nearer to the mathematical centers of the shape than to the luminance distribution center. Their five figures also varied with respect to order of symmetry: circle, infinite; square, four; equilateral triangle, three; oval, two; amoeboid figure, one. The variability of judgments increased inversely to the order of symmetry.
With respect to the Proffitt et al. (1983) study, some observations can be made. First, there was a "hole" in the order of symmetry progression, from four to infinite. It would be interesting to verify if the observed effect was also present in a series of figures with orders of symmetry greater than four, but not infinite. (Gatti, 1924, already noted that for circles the error is null.) Also, most of the utilized figures were regular. This means that, together with the increase in order of symmetry, there was a parallel increase in the number of sides in the figure; the effect of the two factors was therefore confounded. All these problems were addressed in the present study.
Symmetry has proved to be an influential factor in many perceptual contexts. It is related to judged figural "goodness" (Gamer & Clement, 1963) . Moreover, there is evidence that it can play an important role in pattern recognition (Hartley, 1982; Schulze, Baurichter, Gerling, & Grobe, 1977) . Finally, eye-movement studies have demonstrated the existence of an interaction between symmetry and complexity (Locher & Nodine, 1973) . As for center perception, Proffitt et al. 's (1983) results provide the strongest motivation for looking for an effect of symmetry. We expect that the presence of reflective symmetry would reduce the systematic error (the distance between the perceptual center and a mathematical center), because this symmetry implies redundant information (i.e., one half of the figure is the mirror image of the other) and intrinsic axes for the figure are given. A differential effect for the two symmetry types could also be present, because when both symmetries are present the reflectional axes (which intersect at the center) could give valuable aid in the process of finding the center (see Figure 2A) , whereas when only rotational symmetry is present, no such axes are available. However, rotational symmetry could have an effect, because the sides of the figure are not all of different lengths, thus providing a certain regularity (see Figure 2B) . Indeed, the number of sides could, by itself, also have an effect on center determination. In fact, if we remember that the mathematical center nearest to the perceptual center is the barycenter of the vertices, then increasing the number of sides will give more vertices, and hence more information available for fmding the center, which could result in a decrease of the systematical error. Furthermore, the perceptual "drawing" of lines from the vertices or from the midpoints of sides was the first hypothesis about how the perceptual center is found (Gatti, 1924) .
Three factors were examined in Experiment 1: symmetry, number of sides of the shape, and moving versus static shapes. Four different sets of shapes, of increasing symmetry, were used. Reflective and rotational symmetry were confounded for all except Set 1, which had reflective symmetry only. Experiment 2 tested whether a difference in presentation plane (vertical vs. horizontal) would influence the results. In Experiment 3, the effects of the two symmetry types were disentangled (there were three kinds of shapes: with both rotational and reflectional symmetries, with just rotational symmetry, and with no symmetry). The other factors were the number of sides, and concave versus convex shapes.
A B c Figure 2 . (A) An equilateral triangle with its three axes of reflective symmetry intersecting at the center. Equilateral triangles have both symmetry types. (8) A shape that bas rotational symmetry but no reflective symmetry. However, the sides of the shape consist of pairs of equal length, and this provides a certain reguIarlty, making it easier to find the center than is possible with a shape such as that depicted in (C), which bas no symmetry of any kind.
The main purpose in Experiment 1 was to establish whether symmetry had an effect on center determination. As mentioned above, the best explanation for this comes from Proffitt et al. 's (1983) study. However, in that experiment, there was only one shape per symmetry set, so the authors could only speculate about the role of symmetry in center determination. In the present study, there were four shapes per symmetry set, so it was possible to generalize from configural effects to symmetry effects.
EXPERIMENT 1
In this experiment, subjects viewed a variety of moving and static shapes, and were asked to find the center of each shape.
We formulated four hypotheses, as follows: (1) As the degree of symmetry (both rotational and reflective) increases for a set of shapes, observers would be more accurate in determining the center of each shape; (2) as motion provides additional information in tasks involving center determination, the centers of shapes would be determined more accurately when the shapes are rotating and not static; (3) for the task of center determination, deviation of responses would be along the axis of symmetry rather than off the symmetry axis for shapes with one axis of reflective symmetry; and (4) subjects would be more accurate at determining the center of shapes with many sides than shapes with few sides, averaged across symmetry.
The stimuli were the 16 shapes depicted in Figure 3 . They varied from one to four axes of reflective symmetry, and from one to fourfold rotational symmetry. For all the shapes, these two symmetry types covaried together. Therefore, all shapes within a particular symmetry group had the same amount of reflective and rotational symmetry.
There were four examples of each symmetry group. Each of these "loosely" belonged to categories associated with a different number of sides, which is illustrated by the horizontal groupings of shapes in Figure 3 . Within each group, the shapes' number-of-sides level was held relatively constant (see the number in the upper right comer of each shape cell).
All 16 shapes had disk size in common. Disk size refers to a particular characteristic of rotating solid shapes, and corresponds to the largest circlethat can be drawn inside a shape's boundaries.
The area of a shape around the center that has no indentations or protuberances seems to "hang together" as a disk when the shape rotates at, or nearly around, the center. This disk varies in size independently of surface area; it depends, rather, upon how close to the center the indentations come. The disk was held at a constant size of 42 mm (visual angle of less than 5°) for all 16 shapes as they appeared on the monitor screen.
The stimuli were made from heavy white posterboard and were mounted on black disks that could be attached one at a time to the x-y plotter at the joiner pin. The orientation of the mounted shapes was held constant for all presentations (they were the same as those depicted in Figure 3 ) so that the coordinate values reported were relative to the centers at the origin. The specific dimensions of the shape (in millimeters) along the x-and y-axes are given in Figure 3 .
There was some variability in the dimensions of the shapes with respect to length and width. The visual angle ranged from 5°to 
Method Subjects
Twenty University of Virginia students participated to fulfill part of a course requirement in introductory psychology. Ten subjects served in Condition I, and 10 served in Condition 2. The subjects were tested individually.
Stimuli and Apparatus
The apparatus had three major components: the revolving x-y plotter, a camera, and the monitor viewed by the subject.
The revolving z-y plotter (described in detail by Proffitt & Simmons, 1980) allowed the subject to affect the location of a stimulus mounted on an unseen disk. The subject viewed a CRT screen with a very low brightness setting and a relatively high level of contrast. This, along with the lighting, ensured that the workings of the x-y plotter were invisible to the subject, who could see only the shape as it appeared on a black background.
The control panel, placed on a tabletop between the subject and the video monitor, consisted of two pairs of buttons-one to move the shape back and forth along the x-axis, and the other to move it back and forth along the y-axis.
At the beginning of each session, a small dot was affixed near the center of the monitor screen which corresponded to the center of the plotter. This was done by positioning the glide in the center of the .r-y plotter and mounting a shape with a black dot at its center to the joiner pin. The small dot on the monitor screen was adjusted for each subject so that it coincided exactly with the center of the plotter. The individual adjustment of the dot on the monitor screen was necessary to control possible parallax errors due to each subject's unique head position and posture. It has been demonstrated (Proffitt et aI., 1983 ) that the dot on the monitor screen does not affect the observers' responses. Figure 4 . Means of the distance d reported by the symmetry sets within each condition (the black squares indicate the means for each condition). The symmetry effect was significant at p = .032, and the motion effect was significant at p = .001; the interaction was not significant. By averaging over the two motion conditions, a test of the symmetry effect for the measure d was performed and found to be significant [F(1,18) = 3.768,p = .032]. The means for each of the four symmetry sets, regardless of the motion conditions, suggested that, in fact, the distance, d, was inversely related to the degree of symmetry. In other words, as the shapes' symmetry properties increased, the observers' responses deviated less from the actual center of the shape (Hypothesis 1 was confirmed).
By ignoring differences in the symmetry properties and looking across all shapes, a condition effect can be seen to exist forthedmeasure [F(1,18) 
However, it was not in the predicted direction-for Condition 1, the mean d (rotational) was 3.185 mm (SD = 1.18), and for Condition 2, (static) it was 1.727 mm (SD = .3375) (see Figure 4 ). There was less variability in subjects' responses when the shapes were not moving (there is an effect of motion, but it is opposite to Hypothesis 2).
Two questions can be raised. First, do the perceived centers coincide with the configural centers? Comparison of the perceived and configural centers can be made by determining if the mean of the subjects' responses is different from zero. In the condition with rotation, the The stimuli were generated from the class representing the prototypical shapes ( Figure 3 ; shapes 1,2,3,4). Variations were made on this class of figures so that across the symmetry dimension, number of sides was as constant as possible.
Procedure Condition 1. The subjects were tested during two I-h sessions. Each was seated in front of the monitor screen with the control panel within easy reach. The general procedure was described and training commenced. This involved familiarizing the subject with the control panel so that he/she became adept at directing the motion of the shape on the monitor screen. During this period, the subject was shown a rotating white octagon (the major axis equaled 100 mm) that was similar to the test stimuli. The center of the shape was initially placed at some distance from the origin of the plotter. The subject was then directed to "find the point where the shape just sits and spins, no longer moving as a whole on the screen. " While using this shape, the subject was given assistance and direction by the experimenter so as to facilitate manipulation of the buttons and, consequently, of the shape. After a short period, each subject was required to demonstrate competency with the technique by adjusting the octagon to within I mm of the center on both the x-or yaxis on three successive trials. At this point, the subject was informed that he/she would be seeing a number of other shapes on the screen and that the task would be the same for each. The familiarization procedure lasted approximately 15-20 min.
During the test trials, 8 of the 16 shapes were presented in random order during the first session, and the remainder were presented during the second. After each trial, the experimenter measured the displacement of the perceived center from the origin of the x-y plotter.
For the subjects' second session, the procedure was repeated with a condensed explanation of the function and operation of the apparatus. Proficiency was demonstrated by again reaching the same criterion.
Condition 2. The procedure was similar to that of Condition I, except that the shapes were not revolving. Initially, the shape was seen displaced some distance from the dot previously affixed to the monitor screen (coinciding with the origin or center of the disk of the plotter). The shapes were aligned for presentation, as depicted in Figure 3 . The subject was asked to move the shape by pressing thetwo pairs of buttons so that "the center of the shape falls directly under the dot on the screen. " One pair of buttons caused the shape to move in a 125 0 or 305 0 direction, while the other pair caused movement in a 35 0 or 215 0 direction. Because there was no rotational component of motion, the shape moved only while the buttons were pressed.
During this procedure, the criterion level was the same as that used in the moving condition (to come within I mm on the x-or y-axis, using the octagon on three successive trials). After reaching the criterion, however, participants in Condition 2 saw the 16 stimuli presented in a random order during a single session lasting approximately I h.
Results
The measurements taken were the values on the x-and y-axes for the perceived centers of each shape. These provided scores that could be used to determine the mean location of the perceived centers for the individual shapes.
A measure of variability was computed by using the x and y values to determine a distance measure (d) of the perceived center from the actual center for each shape. This distance measure allowed the variability of responses for perceived and configural centers did not coincide on the y-axis [FO, 9) = 14.12, P = .004]. In other words, the perceived center was significantly different from zero.
However, the mean of y was. 8512 mm-not a great displacement. There was no displacement of perceived and configural centers on the z-axis, nor were there differences on either axis in the static condition.
Second, within each condition, are the responses for the symmetry sets different from each other? In the moving condition, the failure of d to be significant suggests that the variability of subjects' responses did not differ between the symmetry sets. In the static condition (Condition 2), significant differences exist between the symmetry sets on d [F(1,9) = 13.439, P = .003]. However, when a series of pairwise comparisons were made, Symmetry Set I was found to differ from the other three sets. No other differences between pairs were found. This suggests that Set I was responsible for the symmetry effect in the static condition. Measurements were taken from the area barycenter. This barycenter coincided with the other ones in all shapes, except those of Symmetry Set I. However, the distance between the three barycenters (vertices barycenter, contour barycenter, and area barycenter) for shapes of Symmetry Set 1 was, on average, only .25 em, whereas the effect averaged 1.02 em.
Because the literature regarding orientation suggests that observers are most sensitive to symmetry axes aligned with the vertical (Humphreys, 1983; Palmer, 1985; Palmer & Hemenway, 1978; Rock, 1973; Rock & Leaman, 1963) , we expected that, in the static condition, the perceived centers of shapes would tend to be close to zero on the x-axis and show greater variability around the yaxis (the shapes were aligned for presentation as depicted These results do not indicate any strong differences for y between the symmetry sets. However, a look at the standard deviations suggests that the variance of responses tended to decrease as the symmetry properties for the shapes increased. The subjects were very good at locating the vertical axis of symmetry, as indicated by the very small scores on the x-axis. Collapsing the data across conditions, significant differences were found between the number-of-sides levels 
Discussion
The results indicated a significant symmetry effect, particularly in the static condition. As stated earlier, Symmetry Set I was primarily responsible for this effect. The shapes in Set I share the characteristic of one common axis of reflective symmetry. This means that the shapes are bilaterally symmetrical, that is, the visual information around the symmetry axis is redundant to the subject. The other symmetry sets had 2,3, or 4 axes of reflective symmetry. The information around each of these axes is (by definition) redundant. It is possible that this redundancy is the significant factor that "lumps together" the sets with the higher order symmetrical properties.
The literature suggests that observers are most sensitive to vertically oriented axes of symmetry, then to horizontal axes (Corballis & Roldan, 1975; Olson & Attneave, 1970; Palmer & Hemenway, 1978; Rock, 1973) and, finally, least sensitive to diagonally oriented axes of symmetry (Rock & Leaman, 1963) . Figure 3 shows the symmetry axes for each of the shapes used. Notice that all of the sets have a vertical axis, Sets 2 and 4 also have horizontal axes, and Sets 3 and 4 have additional diagonal axes. It seems that the addition of either horizontal or diagonal axes provides the subject with enough added information to be more accurate in determining the centers of shapes.
A probable explanation for this has to do with the intrinsically different information available from shapes with one axis of symmetry from shapes with multiple symmetry axes. In the shapes of Symmetry Set I, there is a single vertical axis of symmetry. To determine the center of these shapes, a subject has information regarding the placement of the axis from the redundancy on each side of the axis. However, the determination of the shape's center requires the location of a unique point along that axis-the y-axis in this study. For the shapes of Symmetry Sets 2, 3, and 4, there are additional axes of symmetry that intersect at the shape's center. A subject can use theinformation available from the redundancy resulting from these imaginary lines. This means that a subject needs only determine that two (or more) axes of symmetry exist and "trace" them to their intersection to locate the center of the shape. Shapes with one axis of symmetry could make the subject more easily "miss the point."
The results lend support to this speculation. More variance of responses tended to occur along the y-axis for the shapes with only one axis of symmetry than they did for other shapes. This suggests that it was, in fact, more difficult to pinpoint the center for these shapes (1, 5,9, and 13; Figure 3 ) than for other shapes that had other symmetry axes intersecting at the center.
The direction of the motion effect was surprising, but not totally unexpected. Proffitt et al. (1983) conjectured that it was most likely that as the shapes revolved, some configural information would be lost but be made up by the additional motion information. This speculation seems likely in the present study as well. The configural symmetry information may not have been as noticeable to subjects seeing rotating shapes. Rotating shapes were used to see if the minimization of relative motion could be employed by the subjects to find the center. Because performance was poorer in the moving condition, there was no evidence for or against the existence of a facilitatory effect from motion. 1 On the other hand, there clearly must have been a loss of figural information; that is, with rotating shapes, less figural information seems to be available to the subjects. This is probably due to the fact that the detection of symmetry has orientational specificity. In other words, vertical symmetry is most salient, as cited above. Thus, the salience of symmetry is degraded by rotation, probably because when shapes are rotating, every existing symmetry axis is vertical only for a very short moment during each rotation. This may explain why there was a greater error for moving shapes. An effect of number of sides was also observed: an increase in number of sides improves center fmding. It may simply be that a higher number of sides, especially in a symmetrical shape, provides more redundant information that can be used to find the center. Or it may be that the side has a more fundamental role, possibly that of a real "informational unit" for finding the perceptual center. However, this cannot be decided on the basis of this experiment alone, because it is necessary to observe the effect of number of sides by itself, that is, in shapes that have no symmetry and with a different number of sides. This was done in Experiment 3.
The results of the above study provided the basis for designing Experiments 2 and 3. For all of the shapes except Set 1, rotational and reflective symmetry were confounded. The symmetries might not affect the observer in the same way. The best evidence for this was shown in the difference found here between Set 1 and Sets 2, 3, and 4. While the shapes of Symmetry Set 1 all had one axis of reflective symmetry, it is also true that shapes having no axis of reflective symmetry have rotational symmetry. It would be interesting to see if the perceived center and the actual center for shapes without an axis of reflective symmetry but with rotational symmetry would be displaced morethan they would for the shapes of Symmetry Set 1 or be about the same. It would also be interesting to make a similar comparison with shapes without any symmetry. The latter case would be particularly noteworthy, because the explanation suggested here for the process of the determination of the perceptual center (the symmetry axes intersection) cannot, by definition, apply to these shapes. In these shapes, it would also be possible to observe, by itself, the effect of the increase in number of sides. First, however, we would need to check to see if there was a difference due to the presentation plane.
EXPERIMENT 2
This experiment was designed to test whether there was a difference in locating perceptual centers due to the presentation plane (frontoparallel vs. horizontal). Furthermore, we wanted to recheck to see if, in regular polygons, the systematical error (the distance between the perceptual center and the mathematical centers) would decrease as order of symmetry increased (making this factor vary on a wide range of values, without reaching the infinite).
Method Subjects
Fourteen psychology students from the University of Padua served as subjects.
Stimuli
The stimuli were five regular geometrical figures, of increasing order of symmetry (that for regular figures is equal to the number of sides), drawn in black india ink (0.4 mm thick) on white paper (21 x21 ern). The extent of the major axis (in millimeters) for each of the figures employed was as follows: equilateral triangle, 46; square, 36; hexagon, 55; octagon, 53; and decagon, 62.
Procedure
The subject was seated in front of a table and was asked to quickly mark, with a sharpened pencil, a point at the center of each figure to be shown, one by one, at a distance of about 50 em. The drawings were presented twice to each subject: once on the table (horizontal plane) and once on a vertical reading deck (frontoparallel plane). To half of the subjects, the stimuli were presented first on the table, and to the other half they were first on the reading deck. In each condition, the stimuli were presented in random order.
Results
Measurements were made using a millimetric grid. The abscissa and ordinate values of the centers marked by the subjects were converted into distances from the mathematical centers (which, in these regular figures, are all coinciding) and standardized using Proffitt and O'Brien's (1982) procedure. This standardization makes it possible to compare distances obtained in figures differing in shape and size. These standardized distances were submitted to a two-way (5 x2) repeated measures ANOV A. The factors were order of symmetry and presentation plane.
The main effect of order of symmetry was significant Discussion The fact that the effect of presentation plane was not significant is in agreement both with Beghi et al. 's (1983) informal observations and with the ample literature on shape constancy phenomena. This result is also interpreta-ble in terms of Davi' s (1989) hypothesis, which states that, in determining the center, the figure acts as the reference frame of itself. In other words, "up" and "down" are defined with respect to the figure.
The significance of order of symmetry confirms Proffitt et al.'s (1983) results. Together, these studies lead one to suppose that, in the process of determining the perceptual center, the information carried by symmetry is involved. Given that the presentation plane had no effect on center determination, Experiment 3 was conducted in the horizontal plane, which provided a more natural situation for the subjects, who had to mark the center with a pencil.
EXPERIMENT 3
In Experiment 3, our aim was to separate the effects of the two symmetry types, as well as the effect of the number of sides from those of symmetries. For this, we used three kinds of stimuli: one with both reflective and rotational symmetries, one with only rotational symmetry, and one with no symmetry. There were two series for each of these types-one composed of concave shapes and one composed of convex shapes. Since presentation plane does not influence center estimation (Experiment 2), all the stimuli were presented on a horizontal plane.
Method Subjects
Twelve psychology students from the University of Virginia (different from those in Experiment I) served as subjects.
Stimuli
All stimuli were drawn in black india ink (0.4 mm thick) on white paper (21 x 21 ern).
Starting with three prototypes (an equilateral triangle, a square, and a pentangle), two sets of shapes were constructed by doubling the number of sides in the prototype: one of concave shapes and one of convex shapes (see Figure 5) . Within each set, there were three series of shapes: one with both reflective and rotational symmetries (all the sides were of equal length), one with only rotational symmetry (the sides were of two lengths, alternated), and one with no symmetry (all the sides were of different lengths).
The extents of the major axis (in millimeters) of each of the prototypes were: triangle, 70; square, 56; and pentangle, 75. Across the shapes derived from a single prototype, the areas taken off from the prototype's shape we~e approximately equal (identical for concave shapes), as was the "compactness" of the shapes (evaluated by means of the second moments, or variances, of the shape; see Zusne, 1965 Zusne, , 1970 .
Procedure
The procedure was essentially the same as in Experiment 2. However, in this experiment, all the stimuli were presented on the table (horizontal plane). To compensate up/down and left/right spatial biases, the stimuli were presented in random orientation. In all, 21 sheets were presented (the 18 experimental stimuli and the 3 prototypes), one by one, in random order.
Results
Measurements were made using a millimetric grid. The abscissa and ordinate values of the centers marked by the subjects were converted into distances from the vertices' barycenter (however, in 17 of the 21 shapes of the present experiment, all the mathematical centers coincided). The choice of this mathematical center as a reference point 
Discussion
The fact that the analysis on the prototypes was not significant seems to be in contrast with the results of the previous experiment, in which regular polygons were also used, and where the effect of order of symmetry (coinciding with the number of sides) was significant. However, it must be noted that, in the present experiment, the number of sides of the prototypes was, respectively, 3, 4, and 5, whereas in the previous experiment it ranged from 3 to 10. It can therefore be concluded that, in the present experiment, the number of sides did not vary on a wide enough range to produce an effect (the effect of the number-of-sides factor was also not significant in the analysis on the experimental stimuli), as it did in the previous experiment.
In the analysis on the experimental stimuli, two of the three main effects were significant-concave versus convex shapes and symmetry type-while number of sides was not.
symmetry is present. The presence of reflective symmetry does not add any further facilitation to that of rotational symmetry alone (on the contrary, it seems that there is a slight advantage for the situations with only rotational symmetry).
The significance of the interaction between concave versus convex shapes and number of sides seems to be due to a small improvement as number of sides increases in convex but not in concave shapes (see Table 3 ). This seems to be a residual effect of number of sides, as observed in Experiment 2. However, because of the narrow range of variation of this factor, this was not observed here. It also suggests that a greater number of sides can be useful for the system only when the shape has a certain compactness. This seems to be the cause of the significance of the threeway interaction, as does the fact that the values reported for the nonsymmetrica1 concave shapes were higher than those reported for the nonsymmetrical convex shapes, which suggests that convexity could have a facilitating influence even if the shape is not symmetrical. Prototype is due to the fact that, in previous studies (Davi, 1989) , it was found to be nearest to the perceptual center. Moreover, as in Experiment 1, in the 4 shapes with noncoinciding barycenters, distances between barycenters were very small. Here, we computed which barycenter was nearest to the mean perceptual center. In these four shapes, it proved to be the vertices barycenter. Distances were then standardized using Proffitt and O'Brien's (1982) procedure. The mean standardized distance for each experimental stimulus is given in Table 1 .
The standardized distances were submitted to two repeated measures ANOV As. The first one-way analysis (with three levels) was conducted on the prototypes. The second three-way analysis (2 x 2 x 3) was conducted on the experimental stimuli. The factors were: concave versus convex shapes, symmetry type, and number of sides.
The analysis on the prototypes was not significant. In other words, the distance of error was about the same for every prototype.
In the analysis on the experimental stimuli, the following main effects and interactions were significant: concave versus convex shapes [F(1,ll) The means for concave and convex shapes were, respectively, 1.816 and 1.623. This shows that subjects are more accurate in locating the centers of convex shapes than those of concave shapes. The means for symmetry type, when both symmetries, only rotational symmetry, or no symmetry were present were, respectively, 1.566, 1.403, and 2. 189. This pattern of values is reproduced for the shapes obtained from each of the three prototypes, as can be seen in Table 2 . On a pairwise comparison made by using the Newman-Keuls test, it was found that the nosymmetry level was significantly different from both the symmetry and the rotational symmetry levels (p < .01, in both cases). However, there was no difference between the symmetry and rotational symmetry levels. These results show that symmetry has a role in facilitating center determination, given that the distances between the actual and the perceived centers are much higher when no The most interesting result is the significance of symmetry type. In fact, for the first time, it was demonstrated that symmetry has a role in facilitating center determination. Still more interesting is the finding that, while it is significantly more difficult to locate the center of a nonsymmetrical shape than that of a symmetrical one, there is no difference in locating the center of a shape with both kinds of symmetry or with rotational symmetry alone. This is, in some measure, counterintuitive. In fact, it would intuitively be expected that the presence of symmetry axes would facilitate the process of finding a shape's center. This renders the hypothesis made at the end of Experiment I (the symmetry axes intersection) unlikely.
The fact that rotational symmetry alone is as effective as both symmetries together suggests another hypothesis (which, at present, is only tentative): It is possible that, in looking for the center of a shape, the visual system takes a shortcut, such as working on a simpler approximation of the shape, in which it tries to avoid the small peripheral parts. If an approximation of the shape is created, a symmetrical shape would be easier to be approximated because, by applying the same approximation in every direction, the same amount of area will also be evaluated in each direction, leaving the location of the perceived center unaltered. This is particularly true of rotationally symmetrical shapes, which are slightly more compact and tend to become circular as their number of sides increases (although if reflective symmetry is equal to two or more, rotational symmetry is also present, even though it is possible for a shape with one axis of reflection to be oblong). It is therefore possible that, in finding the center, the visual system exploits rotational symmetry to render the task easier, while it does not make a similar use of reflective symmetry. (In fact, also in Experiment 1, the set with a much higher systematic error-Set I-was the only one with only reflective symmetry.)
As for the concave versus convex factor, it can be observed that the main differences between concave andconvex shapes are that concave shapes have inflections and thin apexes, whereas in the convex shapes of this experiment, these subtle elongations are not present and, of course, they have no inflections (see Figure 5) . The idea suggested for explaining the symmetry effect seems to be applicable here as well. The process of approximating a concave shape would yield some imprecisions in the result, which are avoided when the figure has no protrusions and their removal is therefore not needed, as in the case of convex shapes.
The suggestion of a procedure of approximation to the shape in order to find its center seems plausible because it would not require the visual system to use different strategies for different shapes, and because it can apply to every kind of shape (even without symmetry), which was impossible for the previous hypothesis (the symmetry axes intersection). However, at this point, this hypothesis is highly undetermined. The main question is: which sort of approximation is actually used by the perceiver? Another question to be answered is: which are the boundaries of the set of shapes to which such an approximation would apply?
Although it is not completely clear what strategy is used for finding the center, it can be concluded that symmetry provides valuable aid in this task, and that rotational symmetry alone is sufficient.
GENERAL DISCUSSION
If a shape is symmetrical, the visual system uses this structural property to locate the shape's center. To have this effect, the presence of rotational symmetry is sufficient; in fact, if reflective symmetry is also present, there is no further improvement.
The question of which mathematical center is closest to the perceptual center has been posed in the literature. In some cases, it proved to be the contour barycenter (Beghi et al., 1983) , and in others (as well as in the four shapes with noncoinciding mathematical centers of Experiment 3), it was the vertices' barycenter (Davi, 1989) . Davi, however, proposed the possibility that the perceptual center would follow a law of its own and that no mathematical center could properly describe it in all cases. The present work, in which general factors that are applicable to all the shapes were analyzed, is a step in this direction. Now it is known that presentation plane does not influence determination of the perceptual center, whereas determination is influenced by the number of sides of a figure (if this factor varies on a wide range) and by whether or not it is symmetrical. A law describing how the center of flat figures is perceptually determined should account for these facts.
